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ABSTRACT
The nature of resistance to smut, caused by Ustilago 
scitaminea Syd., was evaluated in 15 sugarcane, interspe­
cific Saccharum hybrid, clones with smut reactions ranging 
from resistant to highly susceptible. No association was 
found between smut infection level and bud traits including 
length, width, length x width, shape, flange, groove, 
germination type, germination times, and shoot growth 
rates. In two clones, inoculation of plants with initial 
shoot lengths up to 6 cm resulted in high smut infection 
levels, whereas inoculation of ungerminated buds or plants 
with longer shoots resulted in low infection levels. 
Resistance to systemic infection was detected in plants 
of resistant and susceptible clones following wound 
inoculation. Heritability of resistance was determined 
by comparing smut infection percentages of parents and 
offspring in plant cane and first ratoon from 18 
biparental crosses involving resistant, moderately 
susceptible, and highly susceptible clones. Resistant 
progeny frequencies were highest in resistant x resistant 
crosses. Resistance was moderately heritable; narrow-sense 
heritability estimates of 0.41 + 0.08 and 0.38 + 0.11 were 
obtained in plant cane and first ratoon, respectively.
Heritability estimates from (mid-) parent-offspring 
regression and standard units methods were not biased and 
were more precise than those from factorial analysis of 
variance. Additive variance was the major genetic 
component of smut resistance. Clone smut reactions were 
moderately repeatable for plant cane in two subsequent 
years and from plant cane to first ratoon. Significant 
changes in smut infection percentages occurred between 
plant cane and first ratoon in moderately and highly 
susceptible clones. Genetic gain in resistance estimates 
increased from 5 to 24 % as selection intensity decreased 
from 70 to 5 %. Results indicate that resistant progeny 
frequencies in the Louisiana sugarcane breeding program can 
be increased by careful parent selection.
x
LITERATURE REVIEW
I. History of sugarcane smut.
The occurrence of smut, caused by Ustilago scitaminea 
Syd., in sugarcane (interspecific Saccharum hybrids) was 
first reported in Natal of South Africa in 1877 (3). Smut 
spread from sugarcane growing countries in the eastern 
hemisphere to the western hemisphere in 1940. It was 
detected in the United States in Hawaii in 1971 (10), in
Florida in 1978 (57), and in Louisiana and Texas in 1981
(37,59). At present, Australia is the only major 
sugarcane-producing country in which smut does not occur 
(15). Smut epidemics have caused severe economic losses 
and resulted in the removal from cultivation of susceptible 
cultivars in many countries.
II. Nature of resistance to sugarcane smut.
Sugarcane buds (3,8,64) or initial shoots (1,42)
have been determined to be the site of infection for 
Ustilago scitaminea Syd. As a result, bud morphological 
and physiological characteristics have been studied to 
determine the role of bud traits in the expression of 
resistance to smut.
1
2Bud scales were shown to physically (49) or 
chemically (33,41,42) prevent buds from being infected by 
U. scitaminea. In 1948, McMartin demonstrated that high 
levels of infection resulted when a spore suspension was 
injected beneath the bud scales (43). The importance of 
the bud scales in the prevention of infection was also 
indicated by the increased incidence of smut infection of 
resistant cultivars resulting from inoculation after 
wounding or removal of the bud scale-leaves (6,50,64). 
Evidence of lower infection rates in inoculated basal 
stalk buds when compared to younger, upper stalk buds (8) 
and reductions in infection percentages for shoots with 
increasing length (8) suggested that immature or 
expanding bud scale leaves were susceptible to smut 
infection. James (31) found no correlation between 
resistance and the degree of tightness of the bud scales, 
and the magnitude of overlapping of bud scales was also 
found to be a poor indicator of resistance (17). A 
chemical basis for resistance was suggested through a 
correlation between inhibition of spore germination on 
stalk internodes and degree of cultivar resistance (33). 
Lloyd et al (41,42) demonstrated that glycosidic 
substances were present in bud scales which could inhibit 
germination of teliospores deposited on bud surfaces. 
Higher concentrations of these substances were found to
3be correlated with smut resistance in 21 cultivars.
Waller (64) indicated that smut resistance of 18 
tested cultivars was correlated with bud traits, such as 
size, time required for bud germination, type of bud 
germination, and other measurable traits including bud 
groove, bud flange, and initial shoot growth rate. In 
general, susceptible cultivars had larger bud sizes, 
deeper bud grooves, no bud flange, apical type of bud 
germination, shorter times for bud germination, and rapid 
initial shoot growth rates. Muthusamy (47) studied smut 
susceptibility in 20 cultivars and found that 
susceptibility was correlated with bud sprouting 
associated with stalk borer damage, small bud size, 
apical bud germination, and triangular bud shape. These 
traits are thought to affect the accessibility or 
availability of tissues susceptible to infection by smut 
spores. However, it was pointed out (47,64) that bud 
characters may vary with different environments and need to 
be evaluated carefully.
Studies of the development of a smut infection 
within a sugarcane plant have indicated that infection 
is systemic. (1,8,58). However, comparisons of cultivars 
in breeding program smut inoculation tests (20,21,32,66) 
have indicated that differences occur in the intensity 
(number of smut whips formed per infected stool) as well
4as incidence (number of smut-infected stools) of smut 
infections among cultivars.
Ferreira et al (21,22) suggested that in Hawaii two 
types of resistance to sugarcane smut could be 
identified. The first type of resistance,
pre-infectional resistance, was involved in the 
prevention of the establishment of infection. The second 
type of resistance, post-infectional resistance, affected 
the development of disease in an infected plant. 
Infection characteristics of sugarcane cultivars with
type I (pre-infectional) resistance were low disease 
incidence and high disease intensity, whereas infections 
in cultivars with type II (post-infectional) resistance 
were characterized by higher disease incidence but low 
intensity. Both types of disease resistance were
apparently independent of each other. Race-specific 
reactions were also recorded for two cultivars exhibiting 
post-infectional resistance (21,22).
It was argued that evaluation of post-infectional 
resistance needed to be done with an inoculation 
technique that would bypass the defense mechanism of bud 
scales (6,16,20,21,22,42,44), and that it should be
considered on a single stool basis (6,21,22).
Based on the observation of differences in the 
colonization rate by hyphae and frequency and type of
5haustorial development in tissues of tested cultivars, 
Lloyd, et al (41,42) also suggested that resistance to 
smut could be separated into pre-infectional and 
post-infectional resistance. They speculated that
inhibitory substances demonstrated to be present in bud 
scales might also occur in the bud meristem and stalk 
tissues of resistant cultivars.
Dean (16) also indicated that different kinds of 
smut resistance could be identified in sugarcane clones 
in Florida. He suggested that the bud scales represented 
a physical barrier to infection that reduced the amount 
of inoculum reaching susceptible sites. A chemical 
inhibitor associated with the bud scales was a separate 
resistance mechanism which could be overcome by wounding. 
Physiological resistance then represented a third 
resistance mechanism which limited the rate and extent of 
infection development within plants.
The rate of disease increase is an additional 
epidemiological aspect of smut resistance which has been 
studied. Latent periods and areas under the disease 
progress curve were compared in resistant and susceptible 
cultivars in Florida (46), and differences were detected. 
However, these approaches did not improve upon the 
current practice of measuring and comparing maximum 
disease intensities to evaluate resistance (46).
6Differences among cultivars in rates of disease 
increase in ratoon crops have also been observed (32,
66). These differences appeared to be due to genetic
differences between cultivars. However, the expression
of disease over time is also affected by environmental
conditions. In areas, such as Louisiana, where sugarcane 
is grown at the limit of its cultivation range, the 
frequency, severity, and duration of winter freezes
affect the rate of disease increase in different
cultivars (30).
III. Heritability of smut resistance in sugarcane.
In genetics, two types of traits are known (18).
Mendelian traits, governed by few genes, have no
continuous variation. Quantitative traits, controlled by 
many genes, have continuous variation. In quantitative
genetics (19), heritability is defined as the relative 
importance of heredity in determining phenotypic values.
Two measures of heritability patterns are commonly 
mentioned in an inheritance study of a quantitative
trait. Broad-sense heritability is the proportion of 
genetic variance in the total variance, i.e. phenotypic 
variance. Narrow-sense heritability is the proportion of 
additive variance in the phenotypic variance. When a 
trait has high narrow-sense heritability, the selection 
of superior progeny as new parents will result in rapid 
improvement in the population (19).
Variance components and regression of offspring on 
parents (5) are two methods commonly used to estimate 
narrow-sense heritability. When variance components are 
used to estimate heritability, a nested, factorial, or 
diallel (partial or full) design is employed. Several 
assumptions are mentioned as being important to obtain a 
valid estimation of narrow-sense heritability for both 
methods, including diploid inheritance, no occurrence of
7
8gene linkage, and choice of parents from a random mating 
population (27,48). No epistasis and no significant 
differences between reciprocal crosses are common 
assumptions for variance components analysis, and no 
environmental correlations affecting the expression of 
traits among parents and offspring is an important 
assumption for parent-offspring regression (48).
Disease resistance has long been an important trait 
in sugarcane breeding programs (54). Mendelian and 
quantitative inheritance studies of disease resistance 
have been reported for several sugarcane diseases. 
Mendelian inheritance of disease resistance was recorded 
for sugarcane gummosis (caused by a bacterium, 
Xanthomonas campestris p v . vasculorum (Cobb) Dye) (53),
red rot (caused by Colletotrichum falcatum Went) (4), 
downy mildew (caused by Peronosclerospora sacchari Miy)
(14), and smut (caused by Ustilago scitaminea Syd) (34). 
Quantitative inheritance of disease resistance was 
reported for sugarcane mosaic (9), Fiji disease (caused 
by a virus) (55), rust (caused by Puccinia melanocephala 
H. Syd. & P. Syd) (28,56), and smut (62,67,68).
Narrow-sense heritability of smut resistance was 
first estimated in Hawaii's sugarcane population between 
1973 and 1974 (68). With a partial diallel design, 44
crosses, including some reciprocal crosses were made
9between eight clones, four highly resistant and four 
highly susceptible to smut. On the basis of individual 
smut grades (ratings), heritability, estimated by 
variance components, was 0.75 in first ratoon.
When 38 crosses, without reciprocal crosses, were 
used to analyze heritability, estimates of heritability 
on the basis of individual smut grades and family mean 
were 0.56 + 0.20 and 0.84 + 0.14, respectively, in first 
ratoon (67). Heritability, analyzed by parent-offspring 
regression, was 0.52 (15).
Based on the range of estimated heritability, 0.52- 
0.86, additive variance was indicated as a major genetic 
component of smut resistance, and the gene frequency for 
smut resistance in the population represented by the 
eight clones could be changed rapidly through stringent 
selection of smut-resistant progeny.
In Barbados, 15 crosses representing combinations 
from highly resistant x highly resistant to highly 
susceptible x highly susceptible were used to estimate 
narrow-sense heritability of smut resistance in 1979
(62). Heritability estimated from mid-parent-offspring 
regression based on stalk infection percentages of 
parents and offspring was 0.45 + 0.17. In Guyana,
heritability was estimated by mid-parent-offspring 
regression in three sugarcane populations with biparental
10
crosses and by female parent-offspring regression in two 
populations with polycrosses (62). Based on mid-parent- 
off spring regression, heritability ranged from 0.17 + 
0.09 to 0.49 + 0.14. Based on female parent-offspring
regression, heritability ranged from 0.24 + 0.26 to 0.48 
+ 0.28.
Heritability estimates of smut resistance in the 
Barbados and Guyana sugarcane populations were lower than 
heritability estimated in the Hawaii sugarcane 
population. Walker and Wu (62,67) suggested that 
heritability in the Hawaii sugarcane population may have 
been overestimated. Since no moderately susceptible 
clones were included as parents in the study, the 
population used was not a random sample of the Hawaii 
breeding population. Although estimates of heritability 
of smut resistance in Barbados and Guyana ranged from low 
to moderate, Whittle (66) pointed out that artificial 
inoculation can exaggerate smut susceptibility, and a 
higher proportion of each cross should have been 
considered resistant.
NATURE OF RESISTANCE TO SUGARCANE SMUT 
CAUSED BY USTILAGO SCITAMINEA
INTRODUCTION
Smut, caused by Ustilago scitaminea Syd., is an 
important disease of sugarcane (interspecific Saccharum 
hybrids) worldwide (3). It was first reported in Natal 
of South Africa in 1877. The disease was then confined 
to the eastern hemisphere until it was discovered in 
Tucuman, Argentina in 1940 (3). Since that time, the
disease has become widespread in both hemispheres. Smut 
was first detected in the United States in Hawaii in 1971 
(10). Smut was then reported in Florida in 1978 (57) and 
Louisiana, and Texas in 1981 (37,59).
The characteristic symptom of sugarcane smut is the 
production of a long, unbranched whip-like fungal 
reproductive structure at the apex of an infected stalk
(15). A hard core of plant parenchyma and fibro-vascular
tissues is surrounded by a fungal hymenium on which up to
111 x 10 teliospores are produced (39). Smut teliospores 
are disseminated by wind (15), and new infections are 
established when spores come into contact with and infect 
sugarcane buds. The fungus then becomes established in 
the meristematic tissues, grows with the shoot and
11
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converts the shoot apex into a smut whip.
The severity of smut epidemics reported from
different sugarcane producing countries has varied 
widely. Infected sugarcane stools produce grass-like
unmillable shoots or small diameter stalks, and resulting 
yield losses typically increase with successive ratoons
(63) .
The development, release and cultivation of disease
resistant sugarcane cultivars have proven to be an 
effective measure to reduce the incidence and severity of 
smut, hence, breeding and selection for smut resistant 
clones receives major emphasis in sugarcane breeding
programs wherever the disease occurs (11,15). Smut 
resistance levels in cross progeny are evaluated by
dip-inoculating stalks of clones in a smut spore
suspension, planting the stalks, and comparing the levels 
of infection that occur in each clone during the growing 
season. Test results vary, so repeated trials are
necessary to reliably determine and evaluate clone smut 
reactions. This is a time consuming and expensive 
process requiring large amounts of space, so research has 
been conducted to determine if any readily observable
plant characteristics are consistently associated with 
resistance to smut (48,64).
Several bud morphological traits and growth
13
characteristics of sugarcane cultivars have been reported 
to be associated with smut susceptibility (48,64). These 
traits include large bud size, triangular bud shape, 
absence of a bud flange, presence and depth of a bud 
groove, apical type of bud germination, rapid bud 
germination rate, and rapid initial shoot growth rate. 
In addition, research has attempted to determine shoot 
lengths at which germinated buds become resistant to 
infection. It has been suggested that bud traits are 
variable under different environmental conditions 
(17,31,47,64); therefore, further confirmation of these 
associations with more cultivars in different 
environments is needed.
In Louisiana, smut has been reported in all of the 
sugarcane growing regions (29). As a result, emphasis 
has been given to breeding and selection for cultivars 
resistant to smut in the Louisiana sugarcane breeding 
program. The first objective of this study was to 
evaluate the traits reported to be associated with smut 
resistance in Louisiana sugarcane cultivars.
Two types of resistance to sugarcane smut have been 
reported to occur (16,21,22,42). A pre-infectional type 
of resistance revolves around a barrier to initial 
infection represented by the bud scales. A post- 
infectional type of resistance apparently occurs after
14
infection and affects the extent of fungal colonization 
and the development and expression of disease. Although 
consistent differences in the expression of disease in 
different cultivars have been observed (16,21,22,42,51). 
Most of the research to determine the nature and 
mechanisms of expression of smut resistance has been 
focused on bud characteristics or resistance to 
infection. The second objective of this study was to 
evaluate the expression of what has been termed 
post-infectional (21,22,42) resistance in Louisiana 
cultivars.
MATERIALS AND METHODS
Fifteen sugarcane clones, seven resistant to smut 
(CP 66-346, CP 67-412, CP 70-330, CP 72-355, CP 72-356, 
CP 72-370, and CP 77-310), four moderately susceptible 
(CP 65-357, CP 73-308, CP 77-413, and L 65-69), and four 
highly susceptible (CP 73-351, CP 74-383, CP 76-340, and 
CP 77-407), were chosen to study the association between 
bud morphological traits, germination and growth 
parameters and resistance to smut. During September, 
1985, 18 stalks of each clone were divided into three,
six-stalk replicates and dipped for 10 minutes in a
g
freshly prepared smut spore suspension containing 5 x 10 
spores/ml. Three replicates of each clone were planted 
in a randomized block design in plots 2.7m in length with 
an 0.9m alley between plots at the LSU Citrus Research 
Station, Port Sulphur, LA, which is located at the right 
latitude but outside the sugarcane growing area.
Nine months after planting, the percentage of 
smut-infected stalks of each clone in each replicate was 
calculated by dividing the total number of infected
stalks by the total number of stalks in each replicate. 
The overall smut infection percentage of each clone was 
calculated by averaging the smut infection percentage
over three replicates for each clone. The level of
15
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smut resistance in each clone was rated on the basis of 
comparisons of overall smut infection levels with 
infection levels in clones with known smut reactions (CP 
72-356, resistant; CP 65-357, moderately susceptible; and 
CP 73-3 51, highly susceptible). Based on these
comparisons, clones with an overall smut infection 
percentage less than 11 % were rated as resistant (R).
Clones with smut infection percentages ranging from
11.1-22 % and greater than 22 % were rated as moderately 
susceptible (MS) and highly susceptible (HS), 
respectively.
During September, 1986, 40 nodes in the middle
portions of four stalks of each of 15 clones were chosen
for measurements of bud length, width, and shape and
observation for the presence of a bud flange and groove.
Bud length x width values were calculated and used as an
approximation of bud size. Regression analysis was then
used to determine the degree of correlation between bud
length, width, length x width and the inoculation test
smut infection percentages. Since bud shape, groove,
flange, and type of bud germination are not traits with
2
continuous variation, a contingency chi-square (X ) test 
(52) was used to analyze associations between these 
traits and smut infection percentages of R, MS, and HS
cultivars.
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Fifteen two-bud cuttings were obtained from the 
middle sections of the same four stalks of each clone, 
and the upper bud of each cutting was excised. All
cuttings of each clone were then dipped in a mixed 
fungicide suspension containing 0.1 g a.i./liter benomyl
(0.2 g 50 % wet table powder) and 0.7 g a.i./liter captan 
(1.4 g 50 % wettable powder) for 20 minutes and placed in 
a plastic box containing wet paper towels which served as 
a dew chamber. Boxes were covered with black plastic 
bags and incubated at 25 C. Time and type of bud
germination were recorded for each clone. Bud 
germination time was determined by the days required for 
emergence of a shoot initial from the bud. Growth rates 
were calculated from the time visible signs of 
germination were observed until shoots developed to a 
length of 10 cm measured from the bud tip to the shoot 
tip. Correlations of time and type of bud germination 
and growth rate of germinated buds with smut infection
percentage means were then determined for each clone.
During November, 1986, a portion of the experiment 
was repeated for the same clones except CP 76-340. All 
methods were as described above. Regression analysis was 
used to determine the degree of correlation between smut 
infection percentages for each clone and the time of bud 
germination and the mean growth rate of germinated buds.
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During November, 1986, 140 one-bud cuttings were
taken from the middle portions of stalks of two sugarcane 
cultivars, CP 65-357 and CP 74-383, and used to determine 
the effect of shoot length on susceptibility to smut 
infection. All cuttings of each clone were sterilized 
in 5 % sodium hypochlorite for 10 minutes, washed, and
then dipped in a mixed fungicide suspension as described 
previously. They were then thoroughly washed, dried and 
both ends were sealed with melted wax. Thirty cuttings 
with ungerminated buds were dip-inoculated for 10 minutes 
in a smut spore suspension containing 5 x 10 spores /ml. 
After being incubated in plastic dew chambers at 30 C for 
18 hours, they were thoroughly washed with a 5 % sodium 
hypochlorite solution to kill residual smut spores and 
planted in 10-cm-diameter clay pots in a sterile soil, 
sand, peat moss mix (3:1:1,v:v). The remaining 110 
cuttings were germinated in dew chambers covered with 
black plastic bags. Thirty germinated cuttings of each 
clone with shoot lengths ranging from 0.1-6, 6.1-12, and
12.1-18 cm and 20 cuttings with shoot lengths ranging 
from 18.1-24 cm were dip inoculated, incubated, surface 
sterilized with 5 % sodium hypochlorite for 30 seconds,
washed and planted as described previously.
Primary shoots produced from inoculated cuttings of 
each clone were harvested such that four lateral buds
19
were left on the cuttings in the pots. The growing point 
of each cutting was then stained to detect the presence 
°f Ustilaqo scitaminea mycelium (51). Growing points were 
stained with 0.1 % trypan blue mixed with 6 % sodium
hydroxide for 3.5 hours, washed with deionized water, 
dehydrated in 80 %. ethanol for 2 minutes, heated in
lactophenol for 2 minutes, mounted on glass slides, 
coverslipped and examined under a compound microscope at 
250x for the presence of fungal mycelium. If fungal 
mycelium was not detected in the growing point of the 
primary shoot, then secondary shoots developing from 
lateral buds were examined as described previously. A 
plant developing from an inoculated cutting was regarded 
to be smut infected if fungal mycelium was detected in 
any meristematic tissue.
Fifteen clones were chosen for evaluation of 
resistance to systemic infection in individual plants. 
Six clones, CP 61-37, CP 67-412, CP 70-321, CP 72-356, CP 
72-370, and CP 76-301, were previously rated as resistant 
in smut inoculation tests; four clones, CP 65-357, CP 
74-383, CP 78-303, and CP 78-304, were rated as 
moderately susceptible; and five clones, CP 80-306, CP 
80-319, L 80-38, L 80-45, and L 81-8 were susceptible. 
Twenty, one-bud-cuttings of each clone were inoculated 
with smut spores using a wound-paste inoculation
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technique (40). Ungerminated buds were pin-pricked with 
a needle to make six wounds and then painted with a smut 
spore paste. After inoculation, cuttings were incubated 
in black plastic bags containing wet paper towels for two 
days at room temperature and then planted in flats in 
3:1:1 sterile soil, sand, peat moss mix. When inoculated 
buds developed into shoots with three to four emerged 
leaves, they were transplanted into plots at the LSU 
Hammond Research Station during June, 1985, with distance 
intervals of 0.6 m between plants. Data recorded for 
each clone included the number of smut-free stools, the 
number of smut-infected stools, the total percentage of 
smut-infected stalks, the number of stools with 
resistance to systemic infection (stools containing 
apparently smut-free as well as infected stalks), the 
number of apparently healthy and smut-infected stalks in 
each stool, and the number of completely smutted stools.
RESULTS
Based on a comparison of smut infection percentages 
determined in a smut inoculation test for each clone and 
standard cultivars, seven clones were rated as resistant 
(R) , four as moderately susceptible (MS), and four as 
highly susceptible (HS) (Table 1).
Ranges of bud length for R, MS, and HS clones were 
4-18, 4-10, and 4-15 mm, respectively; ranges of bud
width in R, MS, and HS clones were 4-13, 4-10, and 4-13
mm, respectively; and ranges of bud length x width values 
were 38.0-111.0, 33.3-57.8 and 38.0-101.2, respectively
(Table 1). Significant differences were detected between 
means for clones within and among resistance rating 
groups for all three measurements (Table 1).
Data concerning bud shape and the presence or 
absence of bud flange and groove are shown in Table 2. 
The major types of bud shape were round and ovate for R 
and MS clones, and ovate for HS clones. MS and HS 
clones did not have triangular buds, and obovate buds 
were not found for HS clones. Contingency chi-square 
analysis indicated that R, MS, and HS clones had 
different bud shape patterns (Table 2A) . The most 
frequent type of bud flange was medium for R, MS, and HS 
clones (Table 2B). The second most frequent type was
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Table 1. Comparisons of smut infection percentage means and 
resistance ratings with bud length, bud width, and bud 
length x width for 15 sugarcane clones
Sugarcane
clone
Mean
smut
infection
percentage
Smut _ 
rating
Bud
length
(mm)
Bud
width
(mm)
Mean^ Range Mean Range
CP 70-330 0 R 6.8 6-8 6.0 4-7
CP 72-356 0 R 6.0 4-7 6.2 4-7
CP 77-310 0 R 7.1 5-9 6.6 5-9
CP 67-412 1 R 5.8 5-7 6.6 5-8
CP 72-370 1 R 8.5 6-12 7.8 6-11
CP 66-346 2 R 9.7 8-12 6.9 6-9
CP 72-355 5 R 12.2 8-18 8.9 6-13
CP 65-357 12 MS 5.7 4-7 5.8 4-7
L 65-69 17 MS 6.3 6-7 5.5 5-7
CP 77-413 21 MS 8.1 6-10 7.1 6-8
CP 73-308 21 MS 7.3 5-10 7.0 5-10
CP 73-351 31 HS 6.8 4-8 5.5 4-8
CP 77-407 37 HS 10.5 7-15 9.5 7-13
CP 76-340 43 HS 7.7 7-10 7.4 6-8
CP 74-383 57 HS 7.4 5-9 5.7 5-8
LSD0.05” 0,55 0.44
1. CP 65-357, 
72-356, CP
CP 67-412, CP 70-330, 
72-370, CP 73-351, CP
CP 72-355, CP 
74-383, and L
65-69 are commercial cultivars. CP 66-346, CP 73- 
308, CP 76-340, and CP 77-310 are elite breeding 
lines (near commercial cultivars). CP 77-407, and 
CP 77-413 are advanced breeding lines.
2. R=resistant, MS=moderate susceptible, and HS=highly 
susceptible smut reactions.
3. Mean values were based on 40 measurements. Means 
within a column were analyzed by Fisher's Protected 
LSD.
Table 1. continued
Mean
smut
Sugarcane infection Smut - 
clone percentage rating
Bud length x 
width (mm )
3
Mean
CP 70-330 0 R 40.8
CP 72-356 0 R 38.0
CP 77-310 0 R 47.6
CP 67-412 1 R 38.5
CP 72-370 1 R 68.0
CP 66-346 2 R 67.7
CP 72-355 5 R 111.0
CP 65-357 12 MS 33.3
L 65-69 17 MS 34.8
CP 77-413 21 MS 57.8
CP 73-308 21 MS 52.0
CP 73-351 31 HS 38.0
CP 77-407 37 HS 101.2
CP 76-340 43 HS 57.4
CP 74-383 57 HS 42.3
l s d 0 .05= 7 '53
1. CP 65-357, CP 67-412, CP 70-330, CP 72- 
355, CP 72-356, CP 72-370, CP 73-351, CP 
74-383, and L 65-69 are commercial 
cultivars. CP 66-346, CP 73-308, CP 76- 
340, and CP 77-310 are elite breeding 
lines (near commercial cultivars). CP 77- 
407, and CP 77-413 are advanced breeding 
lines.
2. R=resistant, MS=moderate susceptible, and 
HS=highly susceptible smut reactions.
3. Mean values were based on 40 measurements. 
Means within a column were analyzed by 
Fisher's Protected LSD.
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Table 2. Contingency chi-square analysis of associ­
ations between smut reactions and A. bud shape, B. bud 
flange, and C. bud groove in 15 sugarcane clones
A. Bud shape.
Smut
reac­
tions
of
tested-
clones
Percentage of buds with each 
bud shape type
Chi- 
square value
Value Pro- 
_ babi- 
(X ) lityRound
Tri-
Oval Obovate Ovate angular
R 44.0 2.5 6.7 36.6 10.2 142.6 <0.001
MS 53.3 4.9 2.5 39.3 0
HS 10.0 13.1 0 76.9 0
B. Bud flange.
Smut
reac­
tions
of
tested
clones
Percentage of buds with 
each bud flange type
Chi- 
square value
Value Pro- 
- babi- 
(X^) lityAbsent Small Medium Large
R 1.1 37.3 47.5 14.1 127.2 <0.001
MS 31.2 13.1 54.1 1.6
HS 5.0 25.6 60.0 9.4
1. Seven clones were resistant, 4 were moderately sus­
ceptible, and 4 were highly susceptible to smut.
2. R=Resistant, MS=moderately susceptible, and HS= 
highly susceptible smut reactions.
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Table 2. continued
C . Bud groove.
Smut Chi-
reac- Percentage of buds with square value
tions each bud groove type -------------
of   Value Pro­
tested Very 2 babi-
clones Absent Shallow Deep deep (X ) lity
R 50.7 31.0 18.3 0 38.9 <0.001
MS 74.6 25.4 0 0
HS 55.0 22.5 21.9 0.6
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small for HS clones and absent for MS clones. Contin­
gency chi-square analysis indicated that R, MS, and HS 
clones had different bud flange patterns. Absence of a 
bud groove followed by buds with shallow bud grooves had 
the highest frequencies for R, MS, and HS clones (Table 
2C). MS clones did not have deep or very deep bud 
grooves. The percentage of buds with a deep bud groove 
was similar for R and HS clones, and only one bud with a 
very deep bud groove was found in a HS clone. Contin­
gency chi-square analysis indicated that R, MS, and HS 
clones had different bud groove patterns.
In Experiment I, conducted during October, 1986, the 
mean number of days required for bud germination in R 
clones ranged from 1.9 to 4.9 days (Table 3). The 
mean number of days required for bud germination ranged 
from 2.0 to 5.1 days, and 1.7 to 4.2 days in MS and HS 
clones, respectively. In Experiment II, conducted during 
November, 1986, the mean number of days required for bud 
germination ranged from 2.6 to 4.0 days in R clones, from
3.1 to 3.6 days in MS clones, and from 3.0 to 4.1 days 
for HS clones (Table 3). Significant differences were 
detected between clones within and between different 
resistance rating groups in both experiments. In 
addition, the means for number of days required for bud 
germination were significantly different between Exp. I
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Table 3. Comparisons of smut infection percentage means 
and resistance ratings with length of time required for 
bud germination for 15 sugarcane clones in experiments 
conducted during I. October and II. November, 1986
Time (days) required 
for bud germination
Mean ----------------------
smut Experiment
Sugarcane infection Smut „------------------------
clone percentage rating I II
CP 70--330 0 R 4.9
* * A 
2.6 * *
CP 72--356 0 R 4.4 2.8**
CP 77--310 0 R 1.9 3.1**
CP 67--412 1 R 4.6 2.4**
CP 72--370 1 R 2.3 3.6*
CP 66--346 2 R 2.1 3 1. X * *
CP 72--355 5 R 2.6 4.0
CP 65--357 12 MS 5.1
*
3.5
L 65--69 17 'MS 4.1 3.6**
CP 77--413 21 MS 2.0 3.1
CP 73--308 21 MS 2.9 3.4
CP 73--351 31 HS 4.2 3.4
CP 77--407 37 HS 3.0 4.1c
CP 76--340 43 HS 1.7 _ 0 ” * *
CP 74--383 57 HS 1.8 3.0
LSDn nc= 1.05 0.82_________________________________ 0.05_______________________
1. CP 65-357, CP 67-412, CP 70-330, CP 72-355, CP 72- 
356, CP 72-370, CP 73-351, CP 74-383, and L 65-69 
are commercial cultivars. CP 66-346, CP 73-308, CP 
76-340, and CP 77-310 are elite breeding lines 
(near commercial cultivars). CP 77-407, and CP 77- 
413 are advanced breeding lines.
2. R=resistant, MS=moderately susceptible, and 
HS=highly susceptible smut reaction.
3. Mean of time (days) required for bud germination 
for 15 buds of each clone.
Table 3. continued
4. Means for tested clones in Exp. I and Exp. II 
were compared in a t-test and some differed 
significantly at the P< 0.05 (*) or P<0.01 (** 
levels.
5. Clone CP 76-340 was not available in Exp. II.
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and Exp. II for all seven R clones, two of four MS 
clones, and one of four HS clones. There was no consis­
tent pattern in the changes in times required for bud 
germination of the different clones between Exp. I and
II. Germination times increased for some clones in Exp. 
II and decreased for others.
The most frequent type of bud germination was apical 
in R, MS, and HS clones in Exp. I (Table 4A). Dorsal and 
subapical types of bud germination also occurred in R, 
MS, and HS clones. In Exp. II, the most frequent type of 
bud germination was apical for R and HS clones and 
subapical for MS clones (Table 4B) . Contingency 
chi-square analysis indicated that R, MS, and HS clones 
had different patterns for type of bud germination in 
both experiments (Table 4).
The mean growth rate (mm/day) ranged from 9.4 to
13.1 in R clones, 9.5 to 12.1 in MS clones, and 9.8 to 
13.6 in HS clones in Exp. I and from 7.8 to 10.0 in R 
clones, 7.4 to 9.8 in MS clones, and 7.7 to 8.9 in HS 
clones in Exp. II (Table 5). Significant differences 
were detected between clone means within and in different 
resistance rating groups in both experiments (Table 5). 
The growth rate decreased for 14 clones in Exp. II, and 
the decrease was significant in four of seven, two of 
four, and two of three R, MS, and HS clones, respectively
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Table 4= Contingency chi-square analysis of 
association between type of bud germination and smut 
reactions of 15 sugarcane clones in experiments 
conducted during I. October and II. November, 1986
A. Experiment I.
Smut
reac­
tions
of
tested-
clones
Percentage of buds with 
each bud germination type
Chi- 
square value
Value Pro- 
9 babi- 
(X^) lityDorsal
Sub­
apical Apical
R 24.5 16.7 58.8 10.1 <0.05
MS 23.3 11.6 65.1
HS 5.4 21.4 73.2
B. Experiment II.
Smut
reac­
tions
of
tested
clones
Percentage of buds with 
each bud germination type
Chi- 
square value
Value Pro- 
_ babi- 
(X^) lity
Sub­
apical Apical
R 48.4 51.6 19.3 <0.001
MS 69.8 30.2
HS 30.0 78.0
1. Seven clones were resistant, 4 were moderately
susceptible, and 4 were highly susceptible to smut. 
R=resistant, MS=moderately susceptible, and HS= 
highly susceptible smut reactions.
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Table 5. Comparison of smut infection percentage means 
and resistance ratings with initial shoot growth rates 
for 15 sugarcane clones in experiments conducted during 
I. October and II. November, 1986
3
Mean growth rate (mm/day)
Mean -----------------------------
smut Experiment
Sugarcane infection Smut „---------------------- fr----
clone_____ percentage rating_____ I_______________________
CP 70--330 0 R 9.6 8.9
CP 72--356 0 R 9.8 9 -6**
CP 77--310 0 R 10.4 8.2
CP 67--412 1 R 9.4 10.0**
CP 72--370 1 R 12.2 9 * 2* *
CP 66--346 2 R 10.2 7.8**
CP 72--355 5 R 13.1 8.1
CP 65--357 12 MS 10.3 9 • 8*
L 65--69 17 MS 9.5 7.4
CP 77--413 21 MS 10.0 9 •
CP 73--308 21 MS 12.1 7.7
CP 73--351 31 HS 10.1 8 . 9 * *
CP 77--407 37 HS 10.6 7 *7fiCP 76--340 43 HS 9.8
CP 74--383 57 HS 13.6 8.5
LSDn nc= 1.44 1.23____________________________0.05____________________________
1. CP 65-357, CP 67-412, CP 70-330, CP 72-355, CP 72- 
356, CP 72-370, CP 73-351, CP 74-383, and L 65-69 
are commercial cultivars. CP 66-346, CP 73-308, CP 
76-340, and CP 77-310 are elite breeding lines 
(near commercial cultivars). CP 77-407, and CP 77- 
413 are advanced breeding lines.
2. R=resistant, MS=moderately susceptible, and HS= 
highly susceptible smut reactions.
3. Means for initial shoot growth rates from
germinated buds of each clone were determined
from the time (days) required for shoot lengths to
reach 100 mm.
Table 5. continued
4. Means were generally based on 15 measurements.
Means were analyzed by Fisher's Protected LSD.
5. Means for tested cultivars in Exp. I and Exp. II
were compared in a t-test and some differed 
significantly at the P< 0.05 (*) or P< 0.01 (**) 
levels.
6. Clone CP 76-340 was not available in Exp. II.
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(Table 5).
Correlation coefficients between clone smut 
infection percentages and the following traits: bud
length, bud width, bud length x width were all 
nonsignificant (Table 6). In addition, clone smut 
infection percentages were not significantly correlated 
with the time required for bud germination, or initial 
shoot growth rate (Table 6).
In an experiment to determine the influence of shoot 
length on resistance to infection in two smut-susceptible 
clones, CP 65-357 and CP 74-383, smut infection 
percentages increased in plants inoculated with initial 
shoots up to 6 cm long compared to plants inoculated as 
ungerminated, intact buds (Table 7). Infection 
percentages then decreased in plants inoculated with 
initial shoots 6.1-12 cm in length (Table 7). Infection 
levels were low in both clones for cuttings inoculated 
with shoots greater than 12 cm in length.
In an experiment to evaluate levels of resistance to 
systemic infection in different sugarcane clones, smut 
infections developed in plants of two of six R clones, 
four of four MS clones, and five of five HS clones 
following wound inoculation (Table 8). The proportion of 
the total number of stools showing smut infection was 11 
% and 20 % for the two R clones compared to total percent
34
Table 6. Correlation coefficients of bud morphological 
traits, and rate of shoot growth with susceptibility to 
smut for 15 sugarcane clones
Time 
required 
for bud 
germi­
nation
Initial
shoot
growth
rate
Bud
length
Bud
width
Bud length 
x width
Experiment Experiment
I II I II
Smut
infec- 0.08 
tion (%)
-0.01 0.04 •0.25 0.08 -0.11 -0.09
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Table 7. Comparison of numbers of smut infections 
resulting in plants inoculated as ungerminated buds or 
with primary shoots of increasing length in two 
sugarcane clones, CP 65-357 and CP 74-383
Shoot
length
interval
(cm)1
No. of buds 
inoculated
No. of-infected 
plants
Smut
infection
percentage
CP
65-357
CP
74-383
CP
65-357
CP
74-383
CP
65-357 74
CP
-383
0 30 32 0(0) 2(0) 0 6
0.1-6 34 42 7(0) 20(0) 21 48
6.1-12 30 36 2(1) 1(0) 7 3
12.1-18 26 40 1(0) 3(0) 4 7
18.1-24 15 20 1(1) 1(0) 7 5
1. Single-bud cuttings of each clone were inoculated 
with smut spores as ungerminated (0) or germinated 
with primary shoot lengths categorized into 
intervals of 0-6, 6.1-12, 12.1-18 or 18.1-24 cm.
2. Cuttings were dip-inoculated in a smut spore 
suspension for 10 minutes and incubated in a dew 
chamber at 30 C for 18 hrs.
3. Smut infections were determined by the observation 
of fungal mycelium in apical meristems of the 
primary shoots or lateral buds. The number in 
parentheses indicates the portion of smut-infected 
plants in which the infection was detected in the 
secondary shoots but not in the primary shoot.
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Table 8. Characteristics of smut infections resulting 
from wound inoculation with smut spores in resistant 
(R), moderately susceptible (MS), and highly 
susceptible (HS) sugarcane clones
Clone
Smut
rating
Total
number
of
stools
No. of 
smut- 
f ree 
stools
No. of 
stools 
with
resistance 
to syste­
mic infec­
tion
No. of 
completely 
infected 
stools
CP 61-37 R 20 20 0 0
CP 67-412 R 20 16 4 0
CP 70-321 R 20 20 0 0
CP 72-356 R 17 17 0 0
CP 72-370 R 18 18 0 0
CP 76-301 R 18 16 2 0
CP 65-357 MS 17 4 9 4
CP 74-383 MS 18 4 1 13
CP 78-303 MS 20 13 5 2
CP 78-304 MS 10 0 0 10
CP 80-306 HS 18 4 10 4
CP 80-319 HS 19 1 1 17
L 80-38 HS 17 2 9 6
L 80-45 HS 16 2 0 14
L 81-8 HS 17 0 10 7
1. Smut-infected sugarcane stool showing at least one 
apparently smut-free stalk.
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Table 8. continued
Clone
Smut
rating
Infec­
ted
stools
(%)
Infec­
ted
stalks
(%)
% of 
stools 
with 
resis­
tance to 
systemic 
infection
% of
infected 
stalks in 
stools with 
resistance 
to
systemic
infection
CP 61-37 R 0 0 0 0
CP 67-412 R 20 6 100 29 + 18
CP 70-321 R 0 0 0 0
CP 72-356 R 0 0 0 0
CP 72-370 R 0 0 0 0
CP 76-301 R 11 2 100 15 + 11
CP 65-357 MS 53 76 69 84*± 8
CP 74-383 MS 78 88 7 92
CP 78-303 MS 35 26 71 75 + 19
CP 78-304 MS 100 100 0 0
CP 80-306 HS 78 66 71 64*± 20
CP 80-319 HS 95 97 6 93
L 80-38 HS 88 70 60 53 + 24
L 80-45 HS 88 81 0 0
L 81-8 HS 100 79 59 60 + 16
* represents a value recorded only from a single stool.
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stalk infection levels of 2 % and 6 %, respectively
(Table 8). The infection levels for the MS clones ranged 
from 35-100 % and 26-100 % for stools and stalks,
respectively, and infection levels for the HS clones 
ranged from 78-100 % and 66-97 % for stools and stalks 
respectively. The proportion of the smut-infected stools 
of each clone that contained at least one apparently 
smut-free stalk (stools with resistance to systemic 
infection) was 100 % for the two R clones and ranged from 
0-71 % for both MS and HS clones (Table 8). The mean
percentage of infected stalks per stool with resistance 
to systemic infection ranged from 15-29 %, 75-92 %, and
60-93 % for R, MS, and HS clones, respectively (Table 8).
DISCUSSION
There are high costs in both time and space 
associated with testing sugarcane clones for smut 
susceptibility in a series of replicated inoculation 
tests. As a consequence, research efforts have attempted 
to identify measurable traits which might be correlated 
with resistance (47,64). Results of previous studies 
have suggested that several traits, such as small bud 
size (47,64), presence of a bud flange, absence of a bud 
groove, dorsal (64) or subapical germination (47), slow 
germination and initial growth rates (64) were associated 
with resistance to smut.
Bud morphological traits and germination 
characteristics were evaluated in 15 clones to determine 
if any easily measurable traits were associated with 
resistance to smut. None of the traits evaluated 
including bud length, bud width, bud length x width, bud 
shape, bud groove, bud flange, time required for bud 
germination, type of bud germination, and initial shoot 
growth rate were consistently associated with smut 
resistance. These results indicate that none of these 
traits, as measured in these studies, can be used to 
reliably identify resistant or susceptible clones.
Methods used to estimate bud size have varied
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between studies. Waller (64) used the amount of water
displaced by excised buds, and the correlation between
smut incidence and bud size was 0.895. Muthusamy (48)
2reported bud area in cm and a correlation coefficient 
with smut incidence of 0.553. However, the method for 
calculation of bud area was not stated. In this study, 
measurements of bud length and width and length x width 
values were used to evaluate the relationship between bud 
size and smut resistance, and nonsignificant correlation 
coefficients, were obtained. Despite the difference in 
measurement methods used, it appears that small bud size 
is not associated with smut resistance in sugarcane 
clones.
In the study conducted by Waller (64), correlation 
coefficients of 0.762, 0.796, and 0.768 were found
between smut incidence and bud germination type, time 
to bud burst, and growth rate, respectively, in 18
clones. He concluded that dorsal germination and slow
germination and initial growth rates were associated with 
resistance. Muthusamy suggested that subapical 
germination was associated with resistance. In this
study, these traits were not associated with smut
resistance in either of two experiments. In addition, 
the types of bud germination, the times (days) required 
for bud germination, and initial growth rates of R, MS,
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and HS clones differed significantly between Exp. I and 
Exp. II, conducted in October and November of 1986. 
Previous studies suggested that environmental conditions 
can affect morphological and growth characteristics 
(17,31,47,64). The results of this study suggest that 
environmental factors, most likely temperature, may 
affect bud germination times and initial shoot growth 
rates. Growth rates for many clones were significantly 
lower in Exp. II; however, no consistent pattern was 
evident in the changes in times required for bud 
germination. Some clones required more time and others 
required less in Exp. II. Apparently, bud germination 
type, time required for bud germination, and initial 
shoot growth rate are not suitable traits for evaluating 
smut resistance.
The length at which developing shoots of a clone 
become resistant to infection affects the period of time 
a shoot is susceptible to infection and the chance of 
coming into contact with smut spores. The results of the 
experiment to determine the length at which initial 
shoots of two cultivars, CP 65-357 and CP 74-383, became 
resistant to infection were very similar to the results 
of a study conducted with one cultivar by Bock in Kenya 
(8). In both studies, susceptibility decreased sharply 
after shoot lengths exceeded 5-6 cm, and infections
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developed at low frequency in plants inoculated at shoot 
lengths ranging from 6-20 cm. No infections developed in 
plants inoculated at shoot lengths greater than 20 cm in 
Kenya, but infections did occur at low frequency in this 
study in plants of both cultivars inoculated with shoot 
lengths ranging from 18-24 cm. In a study conducted in 
India (47), sprouted buds of one cultivar were 
susceptible to infection, whereas no infections occurred 
in sprouted buds of a second cultivar. However, no 
information was given concerning the lengths of the 
shoots at the time of inoculation.
An additional aspect of the shoot length resistance 
experiment is of interest since there is disagreement in 
the literature concerning whether or not smut spores can 
infect ungerminated sugarcane buds (6,64). After 
exposure to smut spores as ungerminated buds, six of 32 
(18.8%) of the CP 74-383 plants became infected, whereas 
none of 30 CP 65-357 plants developed an infection. 
These results suggest that the level of susceptibility of 
ungerminated buds to infection varies among clones and 
may be related to the clone's susceptibility. In 
addition, the frequency of infection in clones 
susceptible to infection in an ungerminated state appears 
to be low.
In previous studies, investigations suggested that
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two types of resistance to sugarcane smut could be 
recognized (21,42). Type I (pre-infectional) and type 
II (post-infectional) resistance were terms used in 
Hawaii to describe different patterns of disease 
expression in resistant clones (21,22). Clones with 
pre-infectional resistance had low disease incidence, 
measured by the number of stools infected, but had high 
disease intensity, measured by the number of stalks 
infected in an infected stool, whereas clones showing 
post-infectional resistance had higher disease incidence 
but low intensity. Lloyd et al (42) also used the terms 
pre-infectional and post-infectional resistance to 
separate resistant cultivars in South Africa. Pre- 
infectional resistance was evaluated by comparing the 
concentration of glycosidic substances in bud scales 
which inhibited germination of smut spores in different 
clones, and post-infectional resistance was detected as 
differences in the colonization rate of hyphae and 
frequency and type of haustorial development in infected 
tissues.
The resistance mechanisms which result in differences 
in disease expression among clones and the times during 
the infection process when they occur are not clearly 
understood. As a result, some confusion arises in the 
use of terms previously used to describe
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different forms of resistance. Terminology which 
describes the recognized patterns of disease expression 
would be resistance to infection and resistance to 
systemic infection.
Evidence was obtained in this study suggesting that 
resistance to systemic infection occurs in Louisiana 
sugarcane clones. Resistance to systemic infection was 
difficult to evaluate in the four resistant clones, CP
61-37, CP 70-321, CP 72-356 and CP 72-370, which did not 
develop infections. However, this type of resistance was 
probably active in these highly resistant clones since 
inoculum was placed inside of the barrier represented by 
the bud scales. The evidence for resistance to systemic 
infection was strongest for the two resistant clones, CP 
67-412 and CP 76-301, in which some plants became 
infected following wound inoculation. All of the 
infected stools in both clones apparently had smut-free 
and smut-infected stalks, and the proportion of infected 
stalks within these stools was low. This resulted in 
overall low infection levels and resistant reactions for 
both clones. The absence of infection in CP 70-321 and 
CP 72-356 in this experiment is in contrast to results of 
another study (6) in which some smut-infected secondary 
shoots were observed in plants of both cultivars 
developing from buds inoculated with the outer bud scales
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removed.
The infection levels resulting from wound 
inoculation were high for three of the four MS clones and 
would have, by other standards, resulted in the 
assignment to them of a HS smut rating. These results 
suggest that the expression of resistance in these clones 
might be partially due to a barrier type of resistance. 
However, there was also evidence of lower levels of 
resistance to systemic infection in some of the MS and HS 
clones. Apparently smut-free stalks occurred in infected 
stools of seven of nine clones. The frequency of stools 
with resistance to systemic infection was low (6 % and 7 
%) for two clones but ranged from 59-71 % for the other 
five clones, and the percentages of apparently smut-free 
stalks in these stools ranged from 16-47 %.
These results support studies conducted in Barbados 
(66), Florida (16), Hawaii (21,22), and South Africa (42) 
and indicate that mechanisms which limit the development 
and expression of disease in individual plants contribute 
to smut resistance.
Resistance to smut is apparently complex and may be 
expressed in several ways. The relative importance of 
the different mechanisms of resistance is unclear. 
Differences may be detected among clones; however, the 
methods used and the results obtained have varied among
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studies (6,11,16,23,32,42,65). The evaluation of stalk 
infection percentage in clones in a dip-inoculation test 
over more than one season (66) will effectively assess 
the overall smut resistance of a clone, and thus, the 
established method is apparently still the best method to 
reliably evaluate smut resistance in clones in a 
sugarcane breeding program.
HERITABILITY OF RESISTANCE TO SUGARCANE SMUT 
CAUSED BY USTILAGO SCITAMINEA
INTRODUCTION
Sugarcane smut, caused by Ustilaqo scitaminea Syd., 
is an important disease in many sugarcane growing regions 
(3). The disease was first reported in the Natal region
of South Africa in 1877, and from there it spread
worldwide. Smut was detected in the United States in
Hawaii in 1971 (10), and then in Florida in 1978 (57) and
in Louisiana (37) and Texas (59) in 1981. The characte­
ristic symptom of sugarcane smut is the production of a 
long whip-like structure at the apex of an infected stalk 
from which billions of fungal spores are passively 
released (3). Severely infected sugarcane stools produce 
grass-like unmillable shoots. Resulting yield losses 
usually increase with successive ratoons and can be very
severe in susceptible cultivars (63). After the 
appearance of smut in a sugarcane growing region, the 
importance of the disease typically diminishes as soon as 
agronomically acceptable clones with resistance to smut
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can be released to replace susceptible cultivars.
Sugarcane is vegetatively propagated, hence, indivi­
dual cultivars are clones of single seedlings. Modern 
sugarcane cultivars are typically interspecific Saccharum 
hybrids between S. officianarum L. and S. spontaneum L.,
S. barberi Jeswiet., or S. robustum Brandes et Jeswiet ex 
Grassl (7). Seedling progeny of crosses between species 
or hybrids are very heterogenous and progeny with 
resistance to smut can be identified in all cultivar 
selection programs. An estimate of heritability of 
resistance to smut is needed in a sugarcane breeding 
program to determine the level of resistance in the parent 
population necessary to ensure an adequate proportion of 
progeny with acceptable resistance in the selection
program.
A range in estimates for heritability of resistance 
to sugarcane smut has been reported. In Hawaii, narrow- 
sense heritability values of 0.56, 0.75, and 0.84 were
estimated by variance components from a 8 x 8 diallel 
design using only crosses between highly resistant and 
highly susceptible cultivars (67,68), and an estimate of
0.52 was determined by parent-offspring regression (15). 
Estimates from mid-parent-offspring and female 
parent-offspring regressions in Barbados were between 0.38 
+ 0.12 and 0.49 + 0.14 for biparental crosses and between
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0.12 + 0.13 and 0.24 + 0.14 for polycrosses, respectively 
(62). The Barbados and Hawaii estimates were each based 
on only the smut infection data of one crop, plant cane 
and first ratoon, respectively. An estimate of the 
heritability of smut resistance in the Louisiana sugarcane 
breeding population has not been made.
Following the first report of smut in Louisiana in 
1981, emphasis was given to breeding and selection for 
cultivars resistant to smut in the Louisiana sugarcane 
breeding program. The objective of this study was to 
estimate the heritability of resistance to smut in the 
sugarcane breeding population.
MATERIALS AND METHODS
Offspring of 18 crosses involving 17 clones with 
sufficient stalks to allow testing were chosen to study 
heritability of resistance to smut. Among the 17 clones
used as parents, 16 were from crosses made at the U.S. 
Sugarcane Field Station, Canal Point, FL. These clones
were then selected at the U.S. Sugarcane Research Unit, 
Houma, LA for cultivation in Louisiana sugarcane growing 
areas. L 65-69 is a cultivar selected and released from 
the Louisiana State University sugarcane breeding program. 
Nine clones, CP 65-357, CP 67-412, CP 70-330, CP 72-355,
CP 72-356, CP 72-370, CP 73-351, CP 74-383, and L 65-69, 
are presently or were commercial cultivars. Four
cultivars, CP 66-346, CP 73-308, CP 76-340, and CP 77-310, 
are elite lines, i.e. near-commercial cultivars; two 
clones, CP 77-407 and CP 77-413, are advanced breeding 
lines released from the U.S. Sugarcane Research Unit, 
and two clones CP 60-16 and CP 61-39 are parent clones. 
All 17 clones are currently used in biparental crosses in 
the Louisiana sugarcane breeding program.
The smut reaction of each parent was determined 
previously in breeding program smut inoculation tests 
(unpublished data). Each offspring was a clone derived 
from one seed resulting from a cross. Crosses with
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sufficient numbers of progeny were chosen to equally 
represent nine different types: resistant x resistant (R x 
R) , resistant x moderately susceptible (R x MS), resistant 
x highly susceptible (R x HS), moderately susceptible x 
resistant (MS x R) , moderately susceptible x moderately 
susceptible (MS x MS), and moderately susceptible x highly 
susceptible (MS x HS) , highly susceptible x resistant (HS 
x R) , highly susceptible x moderately susceptible (HS x 
MS), and highly susceptible x highly susceptible (HS x 
HS). Heritability estimates were determined by evaluating 
and comparing smut infection levels in the parents with 
the infection level mean for generally 10 randomly chosen 
offspring from each of the 18 crosses.
During September, 1985, 18 stalks of each parent and
offspring from each cross were cut, the leaf sheaths were 
stripped, and the samples were divided into three, six 
stalk replicates. Each replicate was then inoculated by 
dipping in a freshly prepared smut spore suspension 
containing 5 x 10 spores/ml for 10 minutes. Offspring 
and parents were planted in a randomized block design in 
plots 2.7 m in length with a 0.9 m alley between plots at 
the LSU Citrus Research Station, Port Sulphur, LA, located 
outside the sugarcane growing area.
Smut reactions of parents and offspring were deter­
mined in plant cane and first ratoon during July, 1986 and
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1987, respectively. The percentage of smut-infected 
stalks for each offspring and parent in each replicate was 
calculated in plant cane and first ratoon by dividing the 
total number of infected stalks by the total number of 
stalks times 100. The overall smut infection percentage 
for each offspring and parent was the average infection 
percentage of three replicates. Smut infection 
percentages occurring in parents with known smut ratings 
(CP 72-356, resistant; CP 65-357, moderately susceptible; 
and CP 73-351, highly susceptible) were used to rate all 
tested parents and progeny as having a resistant, 
moderately susceptible, or highly susceptible smut 
reaction. Based on the observed overall smut infection 
percentages for each of these three cultivars, a clone 
with a smut infection percentage between 0-11 % was rated 
as having a resistant reaction. Clones with smut 
infection percentages ranging from 11.1-22 % were rated as 
having an moderately susceptible reaction and those with 
greater than 22 % as having a highly susceptible smut
reaction. Smut resistance ratings of parents based on the 
test results were not always consistent with previously 
determined ratings, so parental reactions of the original 
18 crosses were reclassified to match the experimentally
determined smut reactions of each parent.
2
Narrow-sense heritability (h ) of smut resistance was
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estimated by mid-parent and parent-offspring regression
(19,60) in plant cane and in first ratoon. Smut infection
percentage means for the 10 progeny from each cross were
regressed on actual maternal and paternal parent infection
percentages and parent averages in six different ways in
plant cane and then again in first ratoon. First, pooled 
2
h was estimated using data averaged over three
2
replicates. Second, pooled h was estimated using means
2from each replicate. Third, h was estimated within each
2
replicate. Fourth, h was estimated by regressions of
offspring means in one replicate on parent and mid-parent
2
values in each of the other two replicates. Fifth, h was
estimated by a regression of replicate infection
percentage means of offspring in plant cane during 1986 on
replicate parent and mid-parent values in plant cane
2
during 1987. Finally, h was estimated using data from
the replicate with the highest infection percentage for
each offspring and parent.
Estimates were considered to have an acceptable level
2
of precision if the 95 % confidence interval (h plus or
minus two times the standard error) did not extend below
zero or above one (5). In a comparison of two estimates, 
2
the h estimate with the smallest standard error was 
considered to be the most precise.
The standard units method (24), which uses the
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correlation coefficient instead of the regression
2 . 2 coefficient to estimate h , was also used to estimate h .
Finally, heritability was estimated from variance
components derived from analysis of variance of plant cane
and first ratoon data. Estimates were obtained from
maternal (Var^), paternal (Varp ), combined maternal and
paternal (Var^ & p ) variances and from cross variance
(Varc ) (5).
Variances of general combining ability (GCA) and 
specific combining ability (SCA) and GCA estimates for R,
MS, and HS parents were determined from an analysis utili­
zing a partial diallel design in plant cane (5). Actual 
ratings of parents were used instead of the preliminary 
ratings to design this study. For this type of analysis, 
reciprocal effects were assumed to be negligible, and 
reciprocal crosses were pooled to form a partial diallel 
design. This was necessary because some cross types were 
missing when actual parent smut ratings were used to 
determine the cross type.
Estimates of repeatability for smut resistance 
reactions of offspring and parents between plant cane and 
first ratoon crops, were calculated by two methods, 
variance components (5,35) and phenotypic correlation 
(35,46). The smut infection percentages of offspring and 
parents in three replicates were used for estimation of
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repeatability of their smut reactions from plant cane to
first ratoon. In August, 1986, 18 stalks of each of the
17 parents were inoculated with smut spores as described
previously and planted in a completely randomized design
at the same location. The smut infection percentages of
parents in three replicates in the 1986 and 1987 plant
cane crops were then used to estimate the repeatability of
parent smut reactions with the variance components method.
Changes in individual parent smut infection levels
between plant cane crops and between plant cane and first
ratoon were compared by analysis of variance with a
cultivar x crop factorial arrangement.
2
The h values estimated by regression of infection
percentage means of offspring on the mid-parent infection
percentage for all replicates and by standard units on the
same basis were used to calculate genetic gains of smut
resistance with selection intensity levels of 5, 10, 20,
30, 40, 50, 60, and 70 %, in plant cane and first ratoon.
The formula used for calculating expected genetic gain
2
was: genetic gain = i x h x standard deviation of
phenotypic variance (2,36).
RESULTS
In plant cane, the smut infection percentage means of 
parents and progeny from all crosses ranged from 0-57 
and 8-43 %, respectively (Table 1). The eighteen crosses 
were classified into R x R (3), R x HS (2), MS x R (1), MS
x MS (3) , MS x HS (1) , HS x R (4) , HS x MS (2) , and HS x
HS (2) cross types according to parental ratings based on 
the experimentally determined smut infection percentages 
(Table 1). The progeny of most crosses had a higher 
overall infection percentage mean than the mid-parent 
value (Table 1). The lowest overall cross type smut 
infection means for F^ progeny in plant cane, 18 and 19 
%, were observed for progeny of MS x R and R x R cross 
types, respectively. In comparison, the overall smut 
infection mean for progeny from R x HS, MS x HS, HS x MS,
MS x MS, HS x R, and HS x HS cross types in plant cane
were 28, 33, 34, 35, 35, and 41 %, respectively.
In first ratoon, the smut infection percentage means 
for parents and progeny from all crosses ranged from 0-67 
and 12-48 %, respectively (Table 2). Using the first
ratoon parent smut infection percentages to determine 
cross types, only R x R  (6), R x H S  (2), M S x R  (5), M S x  
HS (2) , and HS x R (3) cross types were represented in the 
18 crosses (Table 2). The overall cross type smut
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Table 1. Sugarcane smut infection percentage means for 
parents and progeny from 18 crosses in plant cane
1Cross Paren­
tal
reac­
tion
Smut infection 
percentage means
Mater­
nal
parent
Paternal
parent
Mid­
parent progeny
Maternal
parent
Paternal
parent
CP60-16 X CP77-310 RxR 0 0 0 22
CP72-356 X CP66-346 RxR 0 2 1 26
CP72-370 X CP66-346 RxR 1 2 2 8
CP72-370 X CP73-351 RxHS 1 31 16 18
CP77-310 X CP77-407 RxHS 0 37 19 38
CP65-357 X CP67-412 MSxR 12 1 7 18
CP65-357 X L65-69 MSxMS 12 17 15 40
CP65-357 X CP77-413 MSxMS 12 21 17 34
CP73-308 X CP77-413 MSxMS 21 21 21 31
CP65-357 X CP77-407 MSxHS 12 37 25 33
CP61-39 X CP70-330 HSxR 38 0 19 19
CP74-383 X CP77-310 HSxR - 57 0 29 42
CP76-340 X CP72-355 HSxR 43 5 24 43
CP77-407 X CP67-412 HSxR 37 1 19 34
CP76-340 X CP77-413 HSxMS 43 21 32 33
CP77-407 X CP73-308 HSxMS 37 21 27 34
CP74-383 X CP77-407 HSxHS 57 37 47 42
CP76-340 X CP77-407 HSxHS 43 37 40 40
1. CP 65-357, CP 67-412, CP 70-330, CP 72-355, CP 72-356, 
CP 72-370, CP 73-351, CP 74-383, and L 65-69 are 
commercial cultivars in Louisiana. CP 66-346, CP 
73-308, CP 76-340, and CP 77-310 are elite breeding 
lines (near commercial cultivars). CP 77-407 and CP
77-413 are advanced breeding lines. CP 60-16 and CP
61-39 are parent clones.
2. Crosses were made between parents rated as having a
resistant (R), moderately susceptible (MS), or highly 
susceptible (HS) reaction to smut. Ratings were 
based on experiment smut infection percentages
of cultivars with known smut reactions, CP 72-356 (R), 
CP 65-357 (MS), and CP 73-351 (HS).
3. Mean percentage of the total number of stalks
developing a smut whip at the shoot apex.
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Table 2. Sugarcane smut infection percentage means for 
parents and progeny from 18 crosses in first ratoon
1Cross Paren­
tal
reac­
tion
2 Smut infection _ percentage means
Maternal
parent
Paternal
parent
Maternal Paternal 
parent parent
Mid­
parent F1progeny
CP60-16 X CP77-310 RxR 0 4 2 19
CP72-356 X CP66-346 RxR 2 0 1 31
CP72-370 X CP66-346 RxR 0 0 0 12
CP77-310 X CP77-407 RXR 0 7 4 25
CP77-407 X CP67-412 RxR 7 8 8 22
CP77-407 X CP73-308 RxR 7 6 6 18
CP72-370 X CP73-351 RxHS 0 67 34 24
CP73-308 X CP77-413 RXHS 6 35 20 33
CP65-357 X CP67-412 MSxR 14 8 11 19
CP65-357 X L65-69 MSxR 14 1 8 26
CP65-357 X CP77-407 MSxR 14 7 10 21
CP76-340 X CP72-355 MSXR 20 3 12 36
CP76-340 X CP77-407 MSxR 20 7 14 21
CP65-357 X CP77-413 MSxHS 14 35 24 48
CP76-340 X CP77-413 MSxHS 20 35 28 39
CP61-39 X CP70-330 HSXR 23 1 12 23
CP74-383 X CP77-310 HSXR 38 4 21 37
CP74-383 X CP77-407 HSXR 38 7 22 29
1. CP 65-357, CP 67-412, CP 70-330, CP 72-355, CP 72-356, 
CP 72-370, CP 73-351, CP 74-383, and L 65-69 are 
commercial cultivars in Louisiana. CP 66-346, CP 
73-308, CP 76-340, and CP 77-310 are elite breeding 
lines (near commercial cultivars). CP 77-407 and CP
77-413 are advanced breeding lines. CP 60-16 and CP
61-39 are parent clones.
2. Crosses were made between parents rated as having a
resistant (R), moderately susceptible (MS), or highly 
susceptible (HS) reaction to smut. Ratings were 
based on experiment smut infection percentages
of cultivars with known smut reactions, CP 72-356 (R),
CP 65-357 (MS), and CP 73-351 (HS).
3. Mean percentage of the total number of stalks 
developing a smut whip at the shoot apex.
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infection means for progeny from R x R ,  MS x R, R x HS, HS 
x R, and MS x HS crosses in first ratoon were 21, 25, 29, 
30, and 44 % respectively. As in plant cane, progeny 
smut infection percentage means in first ratoon were 
almost always higher than the mid-parent infection value 
(Table 2) .
The numbers of R, MS, and HS progeny resulting from 
each cross in plant cane and first ratoon are shown in
Tables 3 and 4, respectively. The overall percentages of 
progeny which were resistant to smut for R x R ,  MS x R, R 
X HS, MS X MS, HS X R, MS X HS, HS X MS, and HS X HS 
crosses in plant cane were 51, 40, 40, 22, 19, 17, 12, and 
6 %, respectively. The overall percentages of resistant
progeny for R x R ,  R x HS, MS x R, HS x R, and MS x HS,
cross types in first ratoon were 43, 35, 24, 23 and 6 %,
respectively.
2
Smut resistance narrow-sense heritability (h ) 
estimates determined in plant cane and first ratoon by six 
regression analyses, each including mid-parent-offspring 
regression and individual parent-offspring regressions,
are listed in Table 5. Using data averaged over three
2
replicates, h estimates ranged from 0.54-0.56 and
0.36-0.53 for plant cane and first ratoon, respectively 
(Table 5A). Moderate heritability was indicated by the 
mid-parent-offspring estimates of 0.56 in plant cane and
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Table 3. Numbers of cross progeny with resistant, modera­
tely susceptible, and highly susceptible smut infection 
reaction types and the percentage of resistant progeny 
determined in plant cane for 18 crosses
Cross'*' 2Paren­
tal
reac­
tion
No. of progeny 
each of three 
reaction types
with
smut
R
progeny
(%)
Maternal
parent
Paternal
parent R MS HS
CP60-16 X CP77-310 RxR 6 0 4 60
CP72-356 X CP66-346 RxR 3 1 6 30
CP72-370 X CP66-346 RxR 7 3 1 64
CP72-370 X CP73-351 RxHS 3 1 1 60
CP77-310 X CP77-407 RxHS 2 1 7 20
CP65-357 X CP67-412 MSxR 4 1 5 40
CP65-357 X L65-69 MSxMS 1 3 6 10
CP65-357 X CP77-413 MSxMS 2 2 5 22
CP73-308 X CP77-413 MSXMS 2 0 8 20
CP65-357 X CP77-407 MSXHS 2 2 5 22
CP61-39 X CP70-330 HSxR 5 3 3 45
CP74-383 X CP77-310 HSxR 1 0 9 10
CP76-340 X CP72-355 HSxR 0 2 8 0
CP77-407 X CP67-412 HSXR 2 2 6 20
CP76-340 X CP77-413 HSXMS 1 3 5 11
CP77-407 X CP73-308 HSxMS 1 2 4 14
CP74-383 X CP77-407 HSxHS 1 0 8 11
CP76-340 X CP77-407 HSXHS 0 1 9 0
1. CP 65-357, CP 67-412, CP 70-330, CP 72-355, CP 72-356, 
CP 72-370, CP 73-351, CP 74-383, and L 65-69 are 
commercial cultivars in Louisiana. CP 66-346, CP 
73-308, CP 76-340, and CP 77-310 are elite breeding 
lines (near commercial cultivars). CP 77-407 and CP 
77-413 are advanced breeding lines. CP 60-16 and CP 
61-39 are parent clones.
2. Crosses were made between parents rated as having a 
resistant (R), moderately susceptible (MS) or highly 
susceptible (HS) reaction to smut. Ratings were 
based on experiment smut infection percentages of 
cultivars with known smut reactions.
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Table 4. Numbers of cross progeny with resistant, moderately 
susceptible, and highly susceptible smut infection reaction 
types and the percentage of resistant progeny determined in 
first ratoon for 18 crosses
1
Cross Paren­
tal
reac­
tion
No. of progeny 
each of three 
reaction types
wit h 
smut
R
progeny
(%)
Maternal
parent
Paternal
parent R MS HS
CP60-16 X CP77-310 RxR 6 1 3 60
CP72-356 X CP66-346 RxR 2 3 5 20
CP72-370 X CP66-346 RxR 3 1 6 30
CP72-370 X CP73-351 RxHS 3 0 2 60
CP77-310 X CP77-407 RxR 3 3 4 30
CP65-357 X CP67-412 MSxR 3 3 4 30
CP65-357 X L65-69 MSxR 4 1 5 40
CP65-357 X CP77-413 MSXHS 1 3 5 11
CP73-308 X CP77-413 RxHS 1 1 8 10
CP65-3 57 X CP77-407 MSxR 2 4 3 22
CP61-39 X CP70-330 HSxR 4 2 5 36
CP74-383 X CP77-310 HSXR 1 1 8 10
CP76-340 X CP72-355 MSxR 1 4 5 10
CP77-407 X CP67-412 RxR 5 0 2 49
CP76-340 X CP77-413 MSxHS 0 3 6 0
CP77-407 X CP73-308 RxR 7 1 3 70
CP74-383 X CP77-407 HSxR 2 2 5 22
CP76-340 X CP77-407 MSxR 2 4 4 20
1. CP 65)-357, CP 67-412, CP 70-330, CP 72- 355, CP 72-356,
CP 72-370, CP 73-351, CP 74-383, and L 65-69 are 
commercial cultivars in Louisiana. CP 66-346, CP 
73-308, CP 76-340, and CP 77-310 are elite breeding 
lines (near commercial cultivars). CP 77-407 and CP 
77-413 are advanced breeding lines. CP 60-16 and CP 
61-39 are parent clones.
2. Crosses were made between parents rated as having a 
resistant (R), moderately susceptible (MS) or highly 
susceptible (HS) reaction to smut. Ratings were 
based on experiment smut infection percentages 
of cultivars with known smut reactions.
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Table 5. Estimates of narrow-sense heritability (h ) of 
sugarcane smut resistance determined by mid-parent- 
offspring and individual parent-offspring regressions in 
plant cane and first ratoon
Heritability estimates
Regression Plant cane First ratoon
A. Based on average 
smut infection 
percentage of 
parents and 
offspring over 
three replicates.
Mid-parent-offspring
Maternal parent- 
off spring
Paternal parent- 
off spring
B. Based on average 
smut infection 
percentage
of parents and 
offspring in 
each replicate.
0.56 + 0.14 
0.54 + 0.31
0.54 + 0.32
0.53 + 0.19
0.61 + 0.34
0.36 + 0.24
Mid-parent-offspring 0.41 + 0.08
0.32 + 0.16
Maternal parent- 
off spring
Paternal parent- 
off spring 0.49 + 0.12
0.38 + 0.11 
0.34 + 0.14 
0.32 + 0.20
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Table 5. continued
Heritability estimates
Regression Plant cane First ratoon
C. Based on smut 
infection 
percentage 
of parents and 
offspring in 
the same 
replicate.
I. Replicate 1.
Mid-parent-offspring 0.29 + 0.16 0.50 + 0.20
Maternal parent- 
off spring 0.25 + 0.20 0.05 + 0.30
Paternal parent- 
off spring 0.33 + 0.30 0.69 + 0.24
II. Replicate 2.
Mid-parent-offspring 0.54 + 0.14 0.21 + 0.19
Maternal parent- 
off spring 0.61 + 0.18 1.00 + 0.441
Paternal parent- 
off spring 0.38 + 0.32 0.04 + 0.18
III. Replicate 3.
Mid-parent-offspring 0.37 + 0.14 0.42 + 0.21
Maternal parent- 
off spring 0.61 + 0.24 0.46 + 0.32
Paternal parent- 
off spring 0.30 + 0.22 0.38 + 0.28
1. Heritability estimate of smut resistance was considered 
to be 1.00 when the actual estimate (1.40) was larger 
than 1.00.
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Table 5. continued
Heritability estimates
Regression Plant cane First ratoon
D. Based on smut 
infection 
percentages of 
parents and 
offspring in 
different 
replicates.
I. Replicates 1, 2 
(Parent listed 
first)
Mid-parent-off spring 0.54 + 0.17 0.48 + 0*1-3
Maternal parent-
offspring 0.58 + 0.22 0.48 + 0.18
Paternal parent-
offspring 0.38 + 0.36 0.24 + 0.20
II. Replicates 1, 3
Mid-parent-offspring 0 . 4 9 + 0 . 1 4  0 . 4 1 + 0 . 2 1
Maternal parent-
offspring 0.50 + 0.18 0.30 + 0.28
Paternal parent-
offspring 0.42 + 0.32 0.32 + 0.28
III. Replicates 2, 1
Mid-parent-offspring 0 . 2 9 + 0 . 1 4  0 . 4 3 + 0 . 2 4
Maternal parent-
offspring 0.26 + 0.18 0.92 + 0.74
Paternal parent-
offspring 0.32 + 0.26 0.30 + 0.24
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Table 5. continued
Heritability estimates
Regression Plant cane First ratoon
D. Based on smut
infection percentages 
of parents and 
offspring in 
different replicates.
I. Replicates 2, 3 
(Parent listed 
first)
Mid-parent-offspring 0 . 5 0 + 0 . 1 1  0 . 2 8 + 0 . 2 5
Maternal parent- 1
offspring 0.52 + 0.16 1.00 + 0.72
Paternal parent-
offspring 0.44 + 0.26 0.02 + 0.24
II. Replicates 3, 1
Mid-parent-offspring 0 . 2 6 + 0 . 1 4  0 . 6 0 + 0 . 1 9
Maternal parent-
offspring 0.34 + 0.26 0.36 + 0.34
Paternal parent-
offspring 0.28 + 0.20 0.76 + 0.24
III. Replicates 3, 2
Mid-parent-offspring 0 . 2 4 + 0 . 1 1  0 . 4 7 + 0 . 1 3
Maternal parent-
offspring 0.22 + 0.20 0.60 + 0.22
Paternal parent-
offspring 0.38 + 0.16 0.36 + 0.20
1. Heritability estimate of smut resistance was considered 
to be 1.00 when the actual estimate (1.02) was larger 
than 1.00.
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Table 5. continued
Heritability estimates
Regression Plant cane
E. Based on parents 
and offspring 
plant cane 
infection 
percentages 
from the 1987 
and 1986 crops, 
respectively.
I. Replicates 1, 1 
(Parent listed 
first)
Mid-parent-offspring 0.20 + 0.21
Maternal parent-
offspring 0.48 + 0.36
Paternal parent-
offspring 0.06 + 0.23
II. Replicates 1, 2 
Mid-parent-offspring 0.22 + 0.25
Maternal parent-
offspring 0.56 + 0.44
Paternal parent-
offspring 0.04 + 0.28
III. Replicates 1, 3 
Mid-parent-offspring 0.26 + 0.21
Maternal parent-
offspring 0.48 + 0.38
Paternal parent-
off spring 0.14 + 0.24
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Table 5. continued
Heritability estimates
Regression Plant cane
E. Based on parents 
and offspring 
plant cane 
infection 
percentages 
from the 1987 
and 1986 crops, 
respectively.
IV. Replicates 2, 1
Mid-parent-offspring 0.18 + 0.10
Maternal parent-
offspring 0.26 + 0.16
Paternal-parent-
off spring 0.26 + 0.18
V. Replicates 2, 2
Mid-parent-offspring 0.32 + 0.10
Maternal parent-
offspring 0.50 + 0.16
Paternal parent-
offspring 0.36 + 0.22
VI. Replicates 2, 3 
Mid-parent-offspring 0.32 + 0.08
Maternal parent-
offspring 0.48 + 0.12
Paternal parent-
offspring 0.38 + 0.18
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Table 5. continued
Heritability estimates
Regression Plant cane
E. Based on parents 
and offspring 
plant cane 
infection 
percentages 
from the 1987 and 
1986 crops, 
respectively.
VII. Replicates 3, 1 
(Parent listed 
first)
Mid-parent-offspring
Maternal parent- 
off spring
Paternal parent- 
off spring
VIII. Replicates 3, 2
Mid-parent-offspring
Maternal parent- 
off spring
Paternal parent- 
off spring
IX. Replicates 3, 3
Mid-parent-offspring
Maternal parent- 
off spring
Paternal parent- 
off spring
0.16 + 0.13 
0.22 + 0.20 
0.10 + 0.16
0.16 + 0.16 
0.16 + 0.26 
0.14 + 0.20
0.20 + 0.14 
0.12 + 0.22 
0.22 + 0.16
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Table 5. continued
Heritability estimates
Regression Plant cane First :ratoon
F. Based on the 
replicate with 
the highest 
smut infection 
percentage for 
parents and 
offspring.
Mid-parent-offspring 0.48 + 0.14 0.43 + 0.18
Maternal parent- 
off spring 0.66 + 0.18 0.56 + 0.26
Paternal parent- 
off spring 0.31 + 0.28 0.20 + 0.24
70
0.53 in first ratoon, and standard error magnitudes were
lowest for the mid-parent-offspring estimates.
2
Using means from each replicate, h estimates ranged 
from 0.32-0.49 and 0.32-0.38 (Table 5B). Moderate 
heritability was indicated by the mid-parent-offspring 
estimates of 0.41 and 0.38, respectively. The magnitude 
of the standard error was lowest for the mid-parent- 
off spring estimates and the magnitude of the standard 
errors for each estimate in this analysis was lower than
for the corresponding estimates in the first analysis.
2
The h , estimated within each replicate, ranged from
0.25-0.61 and 0.04-1.00 for plant cane and first ratoon,
respectively (Table 5C). Estimates were highly variable
for replicates one and two in first ratoon. Standard
errors were lowest for the mid-parent-offspring estimates
with one exception.
Based on regression of the infection percentages of
2
offspring on parents in different replicates, h estimates 
determined for plant cane were similar to the estimates
determined within replicates, and ranged from 0.22-0.58
2
(Table 5D). In contrast, h estimates ranged from 0.02- 
1.00 in first ratoon (Table 5D) . Moderate heritability 
was indicated by most estimates. Standard errors were 
lowest for mid-parent-offspring estimates.
Based on regression of the infection percentage of
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individual replicates of offspring determined in 1986 and
replicate values of parents determined in plant cane
2
during 1987, h estimates were variable and ranged from
2
0.04-0.56. Standard errors for the low h estimates 
indicated a range of values extending below zero (Table 
5E) .
Using data from the replicate with the highest
2
infection percentage for each offspring and parent, h 
estimates ranged from 0.31-0.66, and 0.20-0.56 in plant
cane and first ratoon, respectively (Table 5F).
2
Estimates of h for mid-parent and individual parent-
offspring smut infection percentage comparisons determined
by the standard units method are listed in Table 6. Using
2
data averaged over three replicates, h estimates ranged
from 0.30-0.70 in plant cane and first ratoon crops (Table
2
6A) . Using means from each replicate, h estimates ranged
from 0.36-0.61 in plane cane and first ratoon (Table 6B) .
Using data from the replicate with the highest infection
2
percentage for each offspring and parent, h estimates 
ranged from 0.26-0.67 in plant cane and first ratoon 
(Table 6C).
2
Estimates of h determined from maternal, paternal, 
and maternal and paternal parent variance components in 
plant cane and first ratoon are shown in Table 7. All 
estimates were low and had standard errors which indicated
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2
Table 6. Estimates of narrow-sense heritability(h ) of 
sugarcane smut resistance determined by standard units 
method in plant cane and first ratoon
Heritability estimates
Standard units Plant cane First ratoon
A. Based on average 
smut infection 
percentage of 
parents and 
offspring over 
three replicates.
Mid-parent-offspring 0.70 0.46
Maternal parent-
offspring 0.58 0.37
Paternal parent-
offspring 0.40 0.30
B. Based on average 
smut infection 
percentage of parents 
and offspring in 
each replicate.
Mid-parent-offspring 0.61 0.57
Maternal parent-
off spring 0.37 0.40
Paternal parent-
off spring 0.55 0.36
C. Based on the 
replicate with the 
highest smut 
infection percentage 
for parents and 
offspring
Mid-parent-offspring 0.66 0.50
Maternal parent-
off spring 0.67 0.46
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Table 6. continued
Heritability estimates
Standard units Plant cane First ratoon
C. Based on the
replicate with the 
highest smut 
infection percentage 
for parents and 
offspring
Paternal parent- 
off spring 0.26 0.20
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Table 7. Analysis of variance and estimation of narrow- 
sense heritability (h ) of sugarcane smut resistance in 
plant cane and first ratoon
2
A. h estimated by 
Source of variation
VarM , Var£ 
Plant
,, and VarM 
cane
1
& P * 
First ratoon
df MS df MS
Replicate 2 0.20 2 0.07
Female 2 0.68 2 0.34
Male 2 0.40 1 0.62
Female x Male 3 0.13 A * 1 0.07**
Cross(Female x Male) 10 0.23 13 0.11
Error 482 0.07 482 0.06
h 2 - 0.18 + 0.21 0.07 + 0.16M
Mf
CMb
0.07 + 0.15 0.22 + 0.24
h 2 0.12 + 0.09 0.08 + 0.10M & P —
2
B. estimated by Varc .
Plant: cane First ratoon
Source of variation df MS df MS
* *
Replicate 2 0.18** 2 0.09**
Cross 17 0.31 17 0.23
Replicate x Cross 34 0.02 34 0.09
Error 449 0.07 449 0.07
i_2n _ — 0.22 + 0.25 0.13 + 0.26Cross
1. VarM , Varp , and VarM&p represent maternal, paternal, 
and maternal and paternal variances.
2. Varc represents cross variance.
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a range of values which extended below zero. Analysis of 
variance of smut resistance indicated that crosses 
within a combination of female x male parental smut 
reactions were significantly different and significantly
affected the expression of smut resistance. The estimates
2
of h determined from the cross variance for plant cane 
and first ratoon were also small and had large standard 
errors (Table 7). Replicates and crosses significantly 
affected progeny smut reactions.
Since the R x MS cross type was missing in the plant 
cane experiment, a partial diallel design was used to 
analyze general combining ability (GCA) and specific 
combining ability (SCA) of parent smut reactions. 
Replicate and cross effects, including GCA and SCA, were 
determined to be significant factors influencing 
progeny smut resistance levels (Table 8). Estimates of 
GCA for crosses involving R, MS, and HS parents are shown 
individually in Table 8. Both R and HS parents had 
significant GCA estimates. Since only five cross types 
occurred in first ratoon, neither diallel nor partial 
diallel designs could be used to analyze GCA and SCA 
of parent smut reactions.
Repeatability estimates of parent smut reactions 
determined from analysis of variance components were 0.60 
for plant cane in two subsequent years and 0.78 for plant
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Table 8. Analysis of variance of general combining ability 
(GCA) and specific combining ability (SCA) of parent smut 
reactions, and GCA estimates for parents with resistant, 
moderately susceptible, and highly susceptible smut 
reactions determined in plant cane from a partial diallel 
design
Source of variation df MS
Replicate
Cross
GCA
SCA
2
5
2
3
*
0.24
* *
0.58**
1-03**
0.29
Error 502 0.07
Parameter GCA estimates
GCA Resistant
* *
-0.07 + 0.01
GCA Moderately susceptible -0.01 + 0.01
GCA Highly susceptible
* *
0.06 + 0.01
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cane and first ratoon (Table 9A) . Repeatability of parent 
smut reactions estimated by phenotypic correlation in plant 
cane and first ratoon was 0.56 (Table 9A). Both 
repeatability estimates of progeny smut reaction in plant 
cane and first ratoon determined from analysis of variance 
components and phenotypic correlation were 0.62 (Table 9B).
In an analysis of variance of smut reactions of 
individual parents in two plant cane crops and in plant
cane and first ratoon, significant changes in smut 
infection percentages between plant cane crops were 
detected for five of 17 clones including one moderately
susceptible clone, CP 73-308, and four highly susceptible
clones, CP 61-39, CP 73-351, CP 74-383, and CP 76-340 
(Table 10). Similarly, significant differences in smut 
infection percentages were detected in one moderately 
susceptible clone, L 65-69, and four highly susceptible 
clones, CP 73-351, CP 74-383, CP 76-340, and CP 77-407, 
between plant cane and first ratoon (Table 11).
The expected genetic gains in smut resistance for
plant cane and first ratoon based on selection intensities
ranging from 5-70 % are listed in Table 12. Estimates of
2
genetic gain based on mid-parent offspring regression h 
values increased from 0.06 to 0.24 and from 0.05 to 0.20 in 
plant cane and first ratoon, respectively, as selection 
intensity decreased from 70 to 5 %. In comparison,
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Table 9. Repeatability analysis of smut reactions for A. 
Sugarcane parents in two plant cane crops and plant cane: 
first ratoon and B. Progeny in plant cane:first ratoon 
analyzed by variance components and phenotypic correlation
A. 1. By variance components.
Parents
Plant cane Plant cane:first ratoon
Source of variation df MS df MS
Year 1 0.03 1 0.03
Rep 2 0.04 2 0.01
Year x Rep 2 0.06** 2 0.01**
Parent 16 0.19** 16 0.17**
Year x Parent 16 0.06 16 0.04
Error 64 0.02 64 0.01
Repeatability= 0.60 + 0.10 0.78 + 0.07
2. By phenotypic correlation
Repeatability= - 0.56
B. 1. By variance components.
progeny
plant cane:first ratoon
Source of variation df MS
Year 1
* *
0.38
Rep 2 0-13**
Year x Rep - 2 0-14**
Progeny(Cross) 169 0.28**
Year x Progeny(Cross) 169 0.05
Error 662 0.03
Repeatability= 0.62 + 0.08
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Table 9. continued
2. By phenotypic correlation 
Repeatability= 0.62
1. Progeny(Cross) is the effect of progeny obtained from 
a specific cross on smut reaction.
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Table 10. Analysis of variance of changes in parental 
smut infection percentages between two plant cane crops
Clone'*'
Resistance
rating df
2
MS
CP 60-16 R 1 0.06
CP 66-346 R 1 0.0008
CP 67-412 R 1 0.0006
CP 70-330 R 1 0
CP 72-355 R 1 0.007
CP 72-356 R 1 0
CP 72-370 R 1 0.0004
CP 77-310 R 1 0.04
CP 65-357 MS 1 0.0008
CP 73-308 MS 1
**
0.17
CP 77-413 MS 1 0.003
L 65-69 MS 1 0.04
CP 61-39 HS 1
* *
0.18
CP 73-351 HS 1
•k *
0.26
CP 74-383 HS 1
**
0.14
CP 76-340 HS 1
**
0.01
CP 77-407 HS 1 0.05
1. CP 65-357, CP 67-412, CP 70-330, CP 72-355, CP 72-356, 
CP 72-370, CP 73-351, CP 74-383, and L 65-69 are 
commercial cultivars in Louisiana. CP 66-346, CP 73- 
308, CP 76-340, and CP 77-310 are elite breeding 
lines (near commercial cultivars). CP 77-407 and CP 
77-413 are advanced breeding lines. CP 60-16 and CP 
61-39 are parent clones.
2. Error mean square=0.02.
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Table 11. Analysis of variance of changes in parental 
smut infection percentage between plant cane and first 
ratoon crops
Clone1
Resistance
rating df
2
MSZ
CP 60-16 R 1 0
CP 66-346 R 1 0.0008
CP 67-412 R 1 0.008
CP 70-330 R 1 0.00007
CP 72-355 R 1 0.0004
CP 72-356 R 1 0.0003
CP 72-370 R 1 0.00007
CP 77-310 R T 0.003
CP 65-357 MS 1 0.0004
CP 73-308 MS 1 0.03
CP 77-413 MS 1 0.03
L 65-69 MS 1
**
0.04
CP 61-39 HS 1 0.03
CP 73-351 HS 1
**
0.19
CP 74-383 HS 1
* *
0.05
CP 76-340 HS 1
* *
0.08
CP 77-407 HS 1
**
0.13
1. CP 65-357, CP 67-412, CP 70-330, CP 72-355, CP 72-356, 
CP 72-370, CP 73-351, CP 74-383, and L 65-69 are 
commercial cultivars in Louisiana. CP 66-346, CP 73- 
308, CP 76-340, and CP 77-310 are elite breeding lines 
(near commercial cultivars). CP 77-407 and CP 77-413
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Table 11. continued
are advanced breeding lines. CP 60-16 and CP 61-39 
are parent clones.
2. Error mean square=0.01.
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Table 12. Expected population genetic gain for smut 
resistance at selection intensities ranging from 5-70 % in 
plant cane and first ratoon
Population
smut
infection
percentage
mean
. 1Expected genetic gain
Selection intensity (%)
Crop 5 10 20 30 40 50 60 70
Plant
cane
0.31 + 0.28 0.242
0.353
0.20
0.30
0.16
0.24
0.13
0.20
0.11 0.09 0.07 
0.16 0.14 0.11
0.06
0.09
First
ratoon
0.26 + 0.26 0. 202 
0.313
0.17
0.26
0.14 . 
0.21
0.11
0.17
0,09 0.08 0.06 
0.14 0.12 0.09
0.05
0.07
1. Subtract the genetic gain value at each selection 
intensity from the current population smut infection 
percentage mean to determine the expected mean of the 
population resulting from crosses among selected 
clones.
2
2. Values of h , 0.41 and 0.38, estimated by mid-parent- 
offspring regression based on smut infection percenta­
ges of offspring and parents in three replicates in 
plant cane or first ratoon were used to calculate the 
expected genetic gain in smut resistance.
2
3. Values of h , 0.61 and 0.57, estimated by standard 
units method based on smut infection percentages of 
offspring and parents in three replicates in plant 
cane or first ratoon were used to calculate the 
expected genetic gain in smut resistance.
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estimates of genetic gain in smut resistance increased
from 0.09 to 0.35 in plant cane and from 0.07 to 0.31 in
2
first ratoon when h values estimated by the standard 
units method were used to calculate genetic gain (Table 
12) .
DISCUSSION
A comparison of the overall smut infection percentage 
means for F1 progeny of RxR (19%), MSxMS (35%), and HSxHS 
(41%) cross types in plant cane indicates that resistance 
genes occurred at a higher frequency in progeny of RxR 
crosses than in progeny of MSxMS and HSxHS crosses. 
Another indication of the higher frequency of resistance 
genes in progeny of RxR crosses is the difference in 
proportion of resistant progeny (51%) produced from RxR 
crosses and the proportion produced from MSxMS (17%) and 
HSxHS (6%) crosses. MSxMS and HSxHS cross types did not 
occur during first ratoon. However, comparing the five 
cross types that did occur, RxR crosses had the lowest 
overall progeny smut infection percentage (21%) and the 
highest proportion of resistant progeny (43%), whereas 
MSxHS crosses had the highest progeny infection percentage 
(44%) and the lowest proportion of resistant progeny (6%).
In one study, it was suggested that resistance to 
smut might be controlled by a few major genes (34). 
However, in other studies, smut resistance was considered 
to be controlled by quantitative genes (62,67,68). The 
continuous variation of smut infection percentages, from 
low to high, of progeny in most cross types in this
study suggests that smut resistance is a quantitative
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trait.
A precise estimate of narrow-sense heritability
should range between zero and one (5). Precise estimates 
2
of h of smut resistance determined by mid-parent-
offspring and maternal and paternal parent-offspring
regressions based on plant cane smut infection data ranged
from 0.24-0.56 and 0.32-0.61, and 0.38-0.49, respectively.
In first ratoon, mid-parent and maternal parent-offspring 
2regression h estimates ranged from 0.42-0.60 and 0.48-
0.60, respectively, and no precise paternal parent
2
offspring regression h estimates were obtained.
The heritability estimates obtained by parent-
offspring and mid-parent-offspring regressions in both
plant cane and first ratoon indicate that smut resistance
is moderately heritable (13). These results suggest that
additive variance is an important variance component of
smut resistance. A comparison of the magnitudes of
2
standard errors of h determined by individual parent-
offspring and mid-parent-offspring regressions indicates
that mid-parent-offspring regression was the most precise
method used. The similarity of the maternal parent and
2
paternal parent offspring regression h estimates in plant
cane suggests that there is no significant maternal effect
on smut resistance inheritance.
2
Estimates of h determined by mid-parent-offspring
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regressions using data averaged over three replicates
(0.56 and 0.53 for plant cane and first ratoon,
2
respectively) were less precise than the h estimates
(0.41 and 0.38 for plant cane and first ratoon crop)
determined by using means from each replicate. The less 
2
precise h estimates, analyzed by the former method, were
probably caused by elimination of the differences between
smut infection percentages of parents and offspring which
occurred within the three replicates.
Mid-parent-offspring regression is a method often
used to estimate narrow-sense heritability of traits of
interest. An assumption of this method is that there are
no significant environment or genotype x environment
covariances between parents and offspring (12). However,
research has indicated that both of these covariances may
2
occur and can cause an upward bias on h estimates
(12,60). Since this study could only be conducted at one
2
location, additional h estimates based on regression of
smut infection percentages of parents and offspring within
each replicate, in different replicates, and in different
years were calculated to determine if environment or
genotype x environment covariances, respectively, affected 
2
the overall h estimates.
2
Precise estimates of h determined by mid-parent- 
offspring regression based on smut infection percentages
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of parents and offspring within replicates were similar
and ranged from 0.37-0.54 in plant cane and first ratoon.
2
Precise estimates of h determined by same method based on
smut infection percentages of parents and offspring in
different replicates were also similar and ranged from
0.24-0. 54 in plant cane and first ratoon. The lack of
2
variability among h estimates determined m  these
2
analyses and the similarity in h ranges compared to the 
2overall h estimates indicates that environmental
covariance between parent and offspring was negligible and
2
did not bias h upward.
2
Only two of nine h estimates determined by mid- 
parent-offspring regressions based on smut infection 
percentages of parents and offspring in replicates in 
different years had acceptable levels of precision. Both
estimates were 0.32. The similarity of these estimates to
2
the overall h estimates also suggests that genotype x
environment covariance between parent and offspring did
2
not bias the overall h estimates.
2
The precise h estimates from mid-parent-offspring 
regressions based on the highest infection percentage of 
parents and offspring in any replicate (0.48 and 0.43 in 
plant cane and first ratoon, respectively) also suggest 
that smut resistance is moderately heritable in the 
studied sugarcane population.
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2
The overall h estimates determined by the standard
units method were generally higher than the estimates
determined by mid-parent-offspring regression. However, 
2
the h estimates for both plant cane and first ratoon were
still in the range indicating that resistance to smut is
moderately heritable. In addition, moderately heritable 
2
h estimates were calculated for individual parent-
2
offspring comparisons for which imprecise h estimates had
been obtained from parent-offspring regression. It was
2
suggested m  a previous comparison of h estimates
determined by the standard units and mid-parent offspring
regression methods (24) that environment effects are more
2
likely to cause a higher or lower h estimate with mid­
parent-off spring regression. However, the similarity of
2
the h estimates determined by both methods suggests that 
mid-parent-offspring regression was a dependable method 
for the estimation of heritability of smut resistance.
Heritability estimates determined from variance 
components were lower than those determined by the parent-
offspring and mid-parent-offspring regressions and
2
standard units method. All h estimates determined by 
maternal, paternal, combination of maternal and paternal, 
and cross variance components were low and had large 
standard errors. The R x MS cross type did not appear in 
plant cane and the R x MS, MS x MS, HS x MS and HS x HS
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cross types did not appear in first ratoon. This resulted 
in an unbalanced factorial design which probably biased 
estimation of smut resistance heritability. In addition, 
this type of analysis is most accurate when the same 
cultivar is used as a maternal and paternal parent in
crosses with other cultivars (5).
In a partial diallel analysis of parent smut
reactions, replicate effects and cross effects, including 
GCA and SCA, were determined to be significant factors
influencing progeny smut resistance levels. Since GCA 
is the estimation of additive variance in a partial 
diallel analysis, the large, significant mean square value 
in the analysis of variation for GCA also suggests that
additive variance is a major genetic component of smut
resistance (13). Since SCA includes dominance variance, 
the significant mean square value for SCA suggests that
dominance variance affected smut resistance. The negative 
GCA estimate, -0.07, obtained from an analysis of crosses
employing R parents is reflected in the lower smut 
infection percentage of progeny in R x R crosses and 
higher frequency of resistant progeny. The positive GCA
estimate, 0.06, from crosses employing S parents is 
reflected in the higher infection percentage and lower 
frequency of smut resistant F1 progeny.
Two races of smut, A and B, have been reported to
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occur in Hawaii (67,68), and resistance to each race 
appeared to be inherited independently (23). Smut races 
identified from differential reactions in sugarcane clones 
have not been detected in Barbados and Louisiana. Whether 
or not the heritability of smut resistance in a sugarcane 
population might be affected by genetic differences in the 
pathogen population is unknown.
Repeatability of parent and progeny smut reactions in 
these experiments ranged from moderate to high (0.60-
0.78). These results indicate that additive variance is 
the major genetic component of smut resistance, and 
therefore, that smut resistance is a heritable trait. 
Analyses of the repeatability of desirable traits, such as 
smut resistance, in the same and different crops are 
important to determine the best procedures for screening 
clones in the breeding programs (38). In Louisiana, 
research has indicated that clone smut ratings in 
different inoculation tests are poorly correlated when tests 
are unreplicated or conducted late in the growing season 
(26) .
In this study, smut infection percentages changed for 
most clones between plant cane and first ratoon and 
parents in two plant cane crops. The changes were 
sometimes of sufficient magnitude to change the smut 
resistance rating. Clones show similar variations in
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levels of infection in breeding program smut inoculation
tests (J.W. Hoy, unpublished).
The influence of environment on repeatability of smut
reactions through crop cycles and in different crops was
indicated by the detection of a significant year x parent
interaction in the repeatability analysis comparing
reactions in two plant cane crops and year, year x
replicate, and year x progeny interactions in the
repeatability analysis from plant cane to first ratoon.
Significant interactions were detected mainly with
susceptible parents. All of these results indicate that
multiple smut inoculation tests with multiple replicates
will be necessary to identify all susceptible clones.
Moderate to high heritability for smut resistance was 
2
indicated by h estimates determined in Barbados (62) and
Hawaii (15,67,68) (0.38-0.49 and 0.52-0.84, respectively).
2
Variation in the range of h estimates determined in 
different regions may arise from differences in tested 
sugarcane populations, environments, smut isolates, 
experimental designs, analysis methods, and interactions 
among these factors. Climatic conditions (7),
experimental designs and analysis methods varied in 
studies of the inheritance of smut resistance in the 
sugarcane populations in Barbados, Hawaii, and Louisiana. 
Despite these differences, results indicate that
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resistance to smut is a moderately heritable trait in all 
three regions.
The parents used to estimate heritability of smut 
resistance in this study are a representative sample of 
the parental clones used in Louisiana sugarcane breeding 
program (F.A. Martin, personal communication). Moderate 
heritability estimates for smut resistance obtained for 
the experimental population in both plant cane and first 
ratoon suggest resistance is moderately heritable in the 
Louisiana sugarcane breeding population and that the 
proportion of progeny resistant to smut can be increased 
through careful selection of parents.
The frequency of resistant progeny obtained from 
Hawaiian R x R ,  R x S ,  S x R ,  and S x S crosses averaged 
60 % (67,68). In contrast, only 26 % and 29 % of the 
progeny from all crosses were found to be resistant to 
smut in plant cane and first ratoon, respectively, in 
Louisiana. A high frequency of resistant progeny was 
only obtained from R x R  crosses. The frequency of 
occurrence of resistant progeny in crosses of other types 
was erratic. Expected genetic gain calculations indicate 
that selection intensities ranging from 5-20 % would be
necessary to obtain a smut infection percentage mean lower 
than 11.1 % in the next generation. This is not feasible 
in an active breeding program since parent selection is
94
based on a consideration of many traits, some of which are 
of equal or greater importance to smut resistance.
However, by identifying susceptible clones and minimizing 
their use as parents, the proportion of smut resistant 
progeny in the selection program can be increased.
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